Of 120 privately owned captive-bred and wild-collected emerald tree boas (ETBs) (Corallus caninus), 97 died or were euthanatized. Eighteen snakes were necropsied, and tissues were collected from all major organs and processed for light microscopy. Histologic examination demonstrated histiocytic granulomas in the small intestine, heart, and esophageal tonsils of one ETB, small intestine of a second ETB, and in an esophageal tonsil of a third ETB. Within the center of these granulomas, small, basophilic, punctate organisms were demonstrated using hematoxylin and eosin staining. Transmission electron microscopic examination of an intestinal granuloma demonstrated developmental stages of organisms consistent with members of the family Chlamydiaceae. An immunoperoxidase staining technique and 2 different commercially available monoclonal antibodies against chlamydial lipopolysaccharide antigen was used to identify chlamydial antigen in these lesions. Liver of a puff adder (Bitis arietans) with previously reported systemic chlamydiosis served as the positive control. Both monoclonal antibodies stained antigen in these granulomas. Additionally, macrophages within aggregates of lymphoplasmacytic cells in the colon, small intestine, and esophageal tonsils of 3 other ETBs contained antigen. Although both antibodies labeled antigen in serial sections of tissue, a difference in staining intensity was noted.
The order Chlamydiales consists of 4 families. Of these, the family Chlamydiaceae contains members that are known to be pathogens in humans and other animals. Recently, a reclassification of Chlamydiaceae has resulted in the recognition of 2 genera: Chlamydia and Chlamydophila. 1 Chlamydia psittaci has a wide host range; it formerly consisted of numerous strains and has been reclassified into Chlamydophila psittaci, Chlamydophila abortus, Chlamydophila felis, and Chlamydophila caviae. In this paper, ''chlamydia'' refers to members of the family Chlamydiaceae and ''chlamydiosis'' will refer to those diseases caused by members of this family.
Chlamydiosis has been reported in several species of reptiles. Puff adders (Bitis arietans) developed severe granulomatous pericarditis, pneumonia, hepatitis, splenitis, and enteritis with chlamydiosis. 7 A flapnecked chameleon (Chamaeleo dilepis), collected in Tanzania, 8 developed a monocytemia, and both chlamydia and poxvirus were identified in circulating monocytes and macrophages in the spleen and liver. In green turtles (Chelonia mydas) dying in a turtle farm in the Cayman Islands, the most significant lesions included necrotizing myocarditis and fibrinousto-histiocytic splenitis. 3 Using electron microscopy, developmental stages of chlamydia were found in the heart. Chlamydia psittaci was isolated in chicken eggs inoculated with lung tissue from a captive Moorish tortoise (Testudo graeca) with pneumonia. 12 Chlamydia were isolated in cell culture and chicken eggs infected with liver from Nile crocodiles (Crocodylus niloticus) with hepatitis in South Africa. 4 In most of these cases, diagnosis was based on the identification by electron microscopy of developmental stages of chlamydia in lesions. In the green turtles, chlamydial antigen was also detected in the cytoplasm of cardiac myocytes and in occasional hepatocytes using a commercially available genus-specific antichlamydial monoclonal antibody and the avidin-biotin-peroxidase (ABC) complex staining method. 3 This report describes the detection of chlamydial antigen in emerald tree boas (ETBs; Corallus caninus) using immunoperoxidase staining and antichlamydial monoclonal antibodies. Liver of a puff adder with previously reported systemic chlamydiosis served as the positive control. Two different monoclonals that react with an epitope of the chlamydial lipopolysaccharide (LPS) antigen were compared.
Materials and methods

Animals
Puff adder. Liver of a puff adder, previously described with multiple chlamydia-containing hepatic granulomas 9 was used as the positive control.
Boa constrictor. A paraffin-embedded subcutaneous mass and a mass from the cranial portion of the lung of a boa constrictor (Boa constrictor) were selected as negative controls. Aeromonas hydrophila had been cultured from the subcutaneous mass.
Emerald tree boas. A private collection of ETBs consisted of 15 animals purchased between 12/8/94 and 10/21/98. These were predominantly captive-born snakes. Between October 21, 1998, and September 22, 1999, 105 wild-caught ETBs from Guyana were added to the collection. All of the snakes were alive at the time of the purchase of the wildcaught ETBs. The new animals were housed separate from, but within the same building as the original snakes. The most recent snakes were purchased from a reptile importer in Florida (importer number 1) and an importer in Colorado (importer number 2). The snakes received by importer number 1 were transported immediately to the private collection, whereas those received by importer number 2 remained for a variable time at the facility before shipment to the private collection.
Many of the wild-caught snakes either refused to feed or regurgitated 3-4 days after feeding, and they developed a chronic wasting disease. Some animals showed signs of respiratory disease such as mucopurulent nasal discharge, glottal discharge, respiratory rales, and dyspnea, and several developed multifocal brown crusty skin lesions. By the beginning of 2001, only 23 of the 120 ETBs were alive.
Fourteen ETBs that died were necropsied at the owner's facility, and multiple tissues were collected in 10% neutral buffered formalin and submitted for histologic evaluation at the Veterinary Medical Teaching Hospital (VMTH), University of Florida (UF). An additional 4 snakes from the collection were submitted for complete necropsies at the VMTH.
Light microscopy and electron microscopy
Paraffin-embedded liver from the puff adder with chlamydiosis and subcutaneous and pulmonary masses from the boa constrictor with A. hydrophila septicemia were sectioned at 4-5 m and stained with hematoxylin and eosin (HE).
Multiple tissues from each ETB, including portions of skin, brain, heart, liver, lung, spleen, kidney, stomach, pancreas, small intestine, and large intestine were collected and fixed in 10% neutral buffered formalin. Tissues were subsequently embedded in paraffin, sectioned at 4-5 m, and stained with HE. Sections of small intestine were evaluated for infectious agents by staining with Gram, Gomori methenamine silver, and Ziehl Nielsen acid-fast stains.
For electron microscopy, additional formalin-fixed intestine from one ETB with granulomatous enteritis was postfixed in McDowell and Trump fixative 9 and 2% osmium tetroxide before dehydration and embedding in an epoxy resin. a Ultrathin sections were stained with uranyl acetate and lead citrate and examined by transmission electron microscopy. b
Monoclonal antibodies
Two commercially available monoclonal antibodies that recognize chlamydial LPS antigen, including serotypes of Chlamydia trachomatis, C. psittaci, and Chlamydiophila pneumoniae, were selected for evaluation. Monoclonal A c is a lyophilized monoclonal antibody. It was reconstituted in distilled water to a final concentration of 50 g/ml following the instructions of the manufacturer. The monoclonal antibody was used at the working dilution of 1:10 in blocking buffer (normal horse serum). Monoclonal B d was reconstituted in distilled water to a final concentration of 100 g/ml following the instructions of the manufacturer. The monoclonal antibody was used at the working dilution of 1:10 in blocking buffer.
Immunoperoxidase staining and slide preparation
Multiple silane-coated slides with 6-m sections were prepared from the puff adder liver, subcutaneous and pulmonary granulomas of the boa constrictor, and multiple tissues from 5 of the 18 ETB cases. Selection of the 5 ETBs was based on the presence of lesions representative of the entire group. A commercially available immunoperoxidase kit e was used. After rehydration, the paraffin-embedded slides were immersed for 60 min in 3% hydrogen peroxide to inhibit endogenous peroxide. Slides were blocked for 20 min with normal horse serum provided from the kit, in a moist chamber at room temperature. After applying the primary antibody, the sections were incubated overnight at 4 C in a humidified chamber. Sections were rinsed 3 times with phosphate buffered saline (PBS, pH 7.2) between each of the following steps. The biotinylated secondary antibody (20 l biotinylated in 1 ml of blocking buffer, provided in the kit) was added, and the slides were incubated for 45-60 min in a moist chamber at room temperature. The ABC solution was added to the sections (20 ml of ABC in 1 ml of PBS) in a moist chamber for 45-60 min at room temperature. Antigen detection was completed by adding diaminobenzidine as a chromogen substrate. The slides were counterstained with hematoxylin.
Results
Pathologic findings. Sections of liver from the puff adder had histiocytic granulomas with central coalescing amphophilic-to-basophilic-staining inclusions that consisted of numerous small subunits ( Fig. 1A) . Using a Brown and Brenn Gram stain, the inclusions stained pink to red, but individual subunits could not be discerned. As previously reported, 7 by electron microscopy, the inclusions were found to consist of developmental stages of an organism consistent with members of the family Chlamydiaceae ( Fig. 1B) .
Of the 4 ETBs necropsied at UF, 1 was severely emaciated, 2 had renal gout, 1 had caseous material in the oral cavity, and 2 had raised nodular brown foci with overlying crusty brown material scattered over the scales. No gross lesions were reported in the ETBs necropsied at the owner's facility.
The histologic changes seen in ETBs varied. The most prominent lesions included enteritis (5), esophagitis (4), gastritis (4), gastric gland atrophy with fibrosis (3), colitis (3), hepatitis (2), nephritis (2), renal tubular necrosis (2), fungal dermatitis (2), splenitis (1), myocarditis (1), endocarditis (1), periarteritis (1), pancreatitis (1), and splenitis (1) . In snakes with gastrointestinal tract changes, the predominant lesion consisted of aggregates of lymphocytes, plasma cells, het- erophils, and occasionally small numbers of macrophages ( Fig. 2A) . Two snakes had histiocytic granulomas in the submucosa and subserosa of multiple sections of the small intestine ( Fig. 2B) ; one of these snakes had granulomas adjacent to the great vessels at the base of the heart and within esophageal tonsils; a third snake had a histiocytic granuloma in an esophageal tonsil. Using HE staining, many histiocytic granulomas in these ETBs had central accumulations of granular amphophilic-to-basophilic inclusions. The inclusions were gram-negative.
Small portions of the intestine of 1 ETB with submucosal granulomas were examined by electron microscopy. Elementary bodies, intermediate bodies, and initial bodies were seen in the granulomas (Fig. 2C,  2D) . The size ranged from 200 nm for elementary bodies to 700 nm for initial bodies.
Schizonts and merozoites of an unidentified hemogregarine protozoan were seen in multiple tissues of all ETBs, particularly in the heart, liver, lung, spleen, and kidney. Generally, inflammatory infiltrates associated with these parasites were minimal. One snake with severe hemogregarine infection of the liver had associated areas of necrosis and granulomatous inflammation.
The subcutaneous masses in the boa constrictor con-sisted of heterophilic and granulomatous inflammation, and the mass from the cranial lung was composed of multiple granulomas with necrotic centers. Heterophils were seen in the walls of the pulmonary granulomas and the centers consisted of coalescing granules from degranulating heterophils and gram-negative cocci. Immunoperoxidase staining. Two antichlamydial LPS monoclonal antibodies were compared for diagnostic efficacy. The same detection kit and chromogen were used on all slides. With monoclonal A, positive finely particulate intense staining was seen within granulomas in the liver of the puff adder (Fig. 3A) .
The granular inclusions within the center of the granulomas failed to stain. In ETBs, positive staining in one or more tissues of the 5 snakes evaluated was seen, including 1) histiocytic granulomas in the small intestinal submucosa and subserosa (1); 2) esophageal tonsils (3) (Fig. 3B) ; 3) macrophages in the colonic submucosa cuffed by lymphoplasmacytic infiltrates (4), the apical cytoplasm of scattered enterocytes in the small intestine and colon, adjacent to these inflammatory lesions (2); and 4) splenic macrophages (1) and hepatic macrophages (1) .
With monoclonal B, the staining seen in tissues was similar (Fig. 4A, 4B) . Although all tissues that stained positively with monoclonal A stained positively with monoclonal B, some differences were noted. Monoclonal B bound to antigen present within the granular material in the center of the hepatic granulomas in the puff adder (Fig. 4A) . Kupffer cells were not positive. Pinpoint foci of positivity present over all tissues were considered to be nonspecific staining. Overall the staining with monoclonal B was less intense than with monoclonal A.
Small amounts of nonspecific immunoperoxidase staining of heterophil granules was noted with both monoclonal antibodies in some tissue sections, but staining was less intense than that of macrophages containing chlamydial antigen. Whereas heterophilic granulomas from a boa constrictor infected with A. hydrophila were used as the negative control, no positive material was present with either antichlamydial LPS monoclonal.
Discussion
A disease characterized by regurgitation and wasting has been observed in wild-caught ETBs recently imported into the United States from South America. There is virtually no information in the literature to implicate an etiologic agent. Cryptosporidiosis was reported in the feces of ETBs with a history of regurgitation but no pathologic findings were described (Funk RS: 1987, 11th International Herpetological Symposium on Captive Propagation, Chicago, IL). In the present study, Cryptosporidium was not identified in the stomach or any other tissues.
In the present study, privately owned, recently purchased ETBs developed clinical signs of regurgitation and wasting. Several ETBs in the colony also developed scattered brown, raised, crusty lesions over the body surface. Using light microscopy, the skin lesions were seen to consist of heterophilic granulomas containing fungal hyphae. Fungi were not cultured or specifically identified in these lesions. Fungal dermatitis is common in certain snakes and is attributable generally to suboptimal environmental conditions. 5 Hemogregarine protozoa were seen in most of the ETBs. Hemogregarines are common blood protozoa of reptiles and are the major hemoparasites of snakes. 11 Although illness caused by these parasites in reptiles has not been reported, there is 1 report in which granulomatous hepatitis similar to that seen in one of the ETBs was seen in a wild-caught southern water snake (Nerodia fasciata pictiventris). 13 A specific identification is dependent upon describing developmental stages in the arthropod vector, something that was beyond the scope of this report. Examination of multiple tissues from the ETBs revealed histiocytic granulomas in 3 snakes. In 2 snakes they were seen in the submucosa and serosa of the small intestine and in 1 of these snakes they were also present in the adventitia of the aorta at the base of the heart. Another ETB had a histiocytic granuloma in an esophageal tonsil.
Histiocytic granulomas are typically differentiated from heterophilic granulomas by the composition of their necrotic centers. 10 In reptiles, histiocytic granulomas are induced by intracellular bacteria such as mycobacterium. In the ETBs, sections of visceral histiocytic granulomas stained with HE had distinctive, centrally located, amphophilic to basophilic inclusions. Inclusions stained red with Gram stain and were not acid-fast. The granulomas were similar to those reported in puff adders with chlamydiosis. 7 Using electron microscopy, granulomas in the small intestine of 1 ETB contained developmental stages of an organism consistent with members of the family Chlamydiaceae. These stages were the same as those previously described in puff adders. 7 Chlamydiosis should be suspected when granulomas with these unique inclusioncontaining centers are seen.
Histiocytic granulomas were only seen in 3 of the 18 cases examined, and most ETBs had a more diffuse distribution of lymphocytes and plasma cells in the gastrointestinal tract. Further, multiple tissues from 5 ETBs were evaluated using 2 mouse monoclonal antibodies that recognize an epitope of the chlamydial LPS antigen. Liver sections from a puff adder previously reported to have chlamydiosis was selected as the positive control. 7 A boa constrictor with septicemia and heterophilic granulomas from which A. hydrophila was cultured served as the negative control.
Positive staining was seen in histiocytic granulomas of the ETBs with both monoclonal antibodies. Additionally, macrophages within aggregates of lymphocytes and plasma cells in the colon, small intestine, and esophageal tonsils of several cases contained antigen. Staining also was seen in enterocytes of 2 cases and within macrophages in the liver and spleen of 1 ETB.
Although both antibodies labeled the same tissues and either can be used for identification of chlamydial antigen in snakes, some staining differences were not- Given the pathogenicity of chlamydia in birds and mammals, it is possible that chlamydia may be, at least partially, responsible for the development of the regurgitation/chronic wasting disease of ETBs. Financial limitations preclude investigations to fulfill Koch's postulates at the present time.
In making an antemortem diagnosis of chlamydiosis in ETBS, gastrointestinal biopsies can be collected under anesthesia and submitted for immunoperoxidase staining with the monoclonal antibodies evaluated in this report, and because of accessibility, esophageal tonsils are an optimal biopsy site. 6 Eric Holt from Stone Mountain Reptiles, Leesburg, Florida, for financial and technical support of this study. They thank Dr. Michael Garner, Northwest Zoopath, for advice on the method of investigation. Published as University of Florida College of Veterinary Medicine Journal Series No. 606.
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